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(54) System for implementing high speed peripheral bus 



(57) A system is disclosed for facilitating operation 
of a peripheral bus, such as a PCI bus, at a higher clock 
frequency. The preferred embodiment of the present in- 
vention includes an enable line (66MHzENABLE) con- 
nected to each of the devices resident on the PCI bus. 
The enable line is passively pulled high through a pull-up 
resistor if all devices resident on the PCI bus can support 
high frequency operation (such as, forexample : 66MHz). 
If any device cannot support high frequency operation, 
the device internally connects the enable line to ground 
in accordance with present industry specifications. Thus, 
the enable line will be asserted high only if all of the PCI 
devices support high frequency operation, but will be de- 
asserted low if any device cannot support high frequency 
operation. The invention also includes a dedicated status 
bit to permit the system to warn the operator of discrep- 
ancies between device and bus capabilities. Further- 
more, the system enables certain configuration regis- 
ters, such as MIN_GNT and MAX_LAT to be automati- 
cally reconfigured if system parameters change. 
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Description 

The present invention relates generally to a system 
for supporting a high speed peripheral bus such as a sys- 
tem which checks the compatibility of peripheral compo- 
nents with respect to the operating frequency of the pe- 
ripheral bus clock. Preferably the system determines 
whether operating parameters of peripheral bus compo- 
nents must be changed based upon a change in the pe- 
ripheral bus clock frequency. 

Figure 1 is a block diagram that illustrates a compu- 
ter system 10 including a microprocessor (CPU) 12, a 
system memory 14, a bridge/memory controller 16, and 
a bus interface unit 18. A CPU local bus 20 couples the 
microprocessor 12 to bridge/memory controller 16 and 
bus interface and arbiter unit 18. A system memory bus 
22 couples system memory 14 to bridge/memory con- 
troller 16. A first peripheral device 26 and a second pe- 
ripheral device 28 are coupled to the bus interface unit 
1 8 through a peripheral bus 30. 

The peripheral bus 30 may comprise a high perform- 
ance PCI bus capable of supporting a plurality of PCI 
master and slave devices. Thus, the peripheral device 
26 may comprise a PCI Master controller that is capable 
of asserting ownership of the PCI bus during PCI Master 
cycles. The PCI master device 26 may comprise a local 
area network (LAN) device that connects other computer 
systems to peripheral bus 30, or could be embodied by 
an expansion bus interface that connects peripheral bus 
30 to other peripheral buses. A second peripheral device 
28 also is shown coupled to the peripheral bus 30. Pe- 
ripheral device 28 may comprise a PCI slave device, 
such as a disk controller device or an audio controller 
device, for example. 

The microprocessor 12 shown in Figure 1 may com- 
prise a model 80436 microprocessor, and the CPU local 
bus 20 could comprise an 80486-style local bus. Other 
style microprocessors and/or local bus architectures 
may be used without departing from the principles of the 
present invention. Details regarding the various bus cy- 
cles and protocols of the 80486 CPU local bus 20 are 
not discussed in detail herein, as they are well known by 
those in the art, and are available in numerous publica- 
tions. CPU 12, memory controller 16 and PCI bus inter- 
face unit 18 have traditionally been fabricated on sepa- 
rate integrated circuit chips. A recent trend in computer 
systems has developed, however in which the CPU core 
is combined with a variety of peripheral devices on a sin- 
gle integrated processor chip. An exemplary integrated 
processor chip includes a bus bridge that provides a high 
performance interface between an internal CPU local 
bus and an external PCI bus. By providing a high per- 
formance interface to an external PCI bus, relatively high 
performance characteristics can be achieved with re- 
spect to external data transfers. 

The bus interface unit 18 provides a standard inter- 
face between the CPU local bus 14 and the peripheral 
or PCI bus 30. As such, the bus interface unil 1 8 orches- 
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trates the transfer of data, address, and control signals 
between the two buses. PCI bus 30 typically comprises 
a high performance peripheral bus that includes multi- 
plexed data/address lines, and which supports 

5 burst-mode data transfers. Additional features regarding 
the PCI bus are described in the publication "PCI Local 
Bus Specification," Revision 2.0, April 30, 1993, PCI 
Special Interest Group, Hillsboro, Oregon, the details of 
which are incorporated by reference herein. 

io As set forth in Revision 2.0 of the "PCI Local Bus 
Specification," the PCI bus comprises a synchronous 
bus with a clock speed up to 33 MHz. The PCI bus clock 
signal typically is generated by circuitry in the bus inter- 
face unit 18 and is transmitted via a CLK line to each of 

is the devices resident on the PCI bus. As one skilled in the 
art will understand, the CLK line may comprise one of 
the signal lines in the PCI bus 30. 

Recently, we have begun to suggest modifications 
to the PCI Bus Specifications to permit operation of the 

20 bus at clock speeds up to 66 MHz. One problem with 
implementing such a high speed PCI bus is that some 
PCI peripheral devices, particularly those devices devel- 
oped in the past, simply are not capable of operating at 
66 MHz. Because of this limitation, such peripheral de- 

25 vices may be incapable of operation in the 66 MHz en- 
vironment, and in addition, may cause the entire bus to 
malfunction if operated at 66 MHz. It would be desirable, 
therefore, to develop a system which can determine if 
slower (33 MHz) operating peripheral devices are resi- 
de dent on the PCI bus, and which can modify operation of 
the bus to accommodate these slower devices. 

Another problem arises when a slower peripheral 
device is added after the high speed bus has been in- 
stalled, and the operation and configuration registers of 

35 the high speed peripheral devices have been set to op- 
erate at the high clock frequency. In such a situation 
where a slower device is added to the bus, the bus clock 
speed must be reduced, and certain of the configuration 
registers must be reset accordingly. For example, the 

40 MAX_LAT and MIN_GNT are internal registers required 
in each PCI peripheral device which provide certain tim- 
ing information regarding the peripheral device. 
MIN_GNT, for example, specifies the length of time (in 
0.25 microsecond periods) that the device needs to com- 

45 pjete its transaction. See "PCI Local Bus Specification," 
Revision 2.0, April 30, 1993, PCI Special Interest Group, 
Hillsboro, Oregon. MAX_LAT specifies how often the de- 
vice needs to gain access to the PCI bus (again in 0.25 
microsecond periods). See id. The number of periods 

50 set in these registers will vary depending upon the oper- 
ating speed of the bus. Similarly, if a slower speed pe- 
ripheral device is removed from the bus, thus enabling 
the bus to operate at a higher clock frequency, certain 
registers of the high speed peripheral devices will need 

55 to be reprogrammed to operate properly at the higher 
speeds. 

It would be advantageous if a system were devel- 
oped which could determine the clock frequency, and 
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which could change the clock frequency to the highest 
possible setting based upon the resident peripheral de- 
vices. It would be further advantageous if the system 
could automatically reset the values in the necessary 
registers of the peripheral devices in response to a 
change in clock frequency, to make the peripheral devic- 
es immediately operable, without operator input. Despite 
these and other readily apparent advantages of such a 
system, to date no such system has been developed. 

We will describe a computer system that automati- 
cally determines whether each device resident on the 
PCI bus is capable of high clock frequency (such as, for 
example, 66 MHz) operation. If any PCI device cannot 
operate at the high clock frequency, the system automat- 
ically drives the PCI bus clock signal at a standard, lower 
clock frequency (such as, for example, 33 MHz) rate. 
Conversely, if every PCI device is operable at the higher 
clock frequency, the system operates the PCI bus clock 
signal at that higher frequency. In addition, in response 
to a change in clock frequency, the system automatically 
resets the values in certain registers of the PCI devices 
to facilitate operation at the new clock frequency. 

We will describe a bus interface unit which orches- 
trates the transfer of address and data signals between 
the PCI bus and a CPU local bus. The bus interface unit 
preferably includes a clock driver which generates the 
PCI bus clock signal, at a frequency dependent on the 
status of a high frequency enable (66MHzENABLE in the 
preferred embodiment) line. The 66MHzENABLE line is 
passively pulled high through a pull-up resistor. All of the 
devices on the PCI bus connect to the 66MHzENABLE 
line (which forms part of the PCI bus), and any of these 
devices can drive the line low to indicate that this partic- 
ular device must be operated at a lower frequency. If the 
66MHzENABLE line is driven low by any PCI device : the 
clock driver drives the PCI bus clock signal at a standard 
clock frequency, such as 33 MHz. Conversely, if none of 
the PCI devices drive the 66MHzENABLE line low, then 
the clock driver drives the PCI bus clock signal at the 
higher frequency, such as 66 MHz. Ail 33 MHz devices 
will drive the 66MHzENABLE line low because the output 
pin on these devices that connects to the 
66MMzENABLE line connects internally to ground. 

Each of the devices resident on the PCI bus include 
certain configuration registers, including MIN_GNT and 
MAX LAT which provide configuration parameters to 
various system resources. In addition, each of the devic- 
es resident on the PCI bus include a status register with 
a dedicated 66MHzCAPABLE bit. The dedicated status 
bit indicates whether the PCI device is capable of oper- 
ating in a 66 MHz environment. As a result, each device 
can be polled during system initialization to determine if 
all of the PCI devices will support 66 MHz operation. If 
the system determines that the clock frequency will 
change due to a change in the system configuration 
(such as PCI devices being added or removed from the 
PCI bus), the configuration registers of each of the PCI 
devices can be modified to insure proper operation at the 



4 

new clock frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

s Other objects and advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the accompanying 
drawings in which: 

10 Figure 1 depicts a prior art computer system imple- 
menting a peripheral bus system; 

Figure 2 shows a computer system implementing a 
PCI bus system constructed in accordance with a 
preferred embodiment of the present invention; 

Figure 3 is a flow chart depicting operation of the 
PCI bus system of Figure 2: and 

Figure 4 is a flow chart illustrating an automatic con- 
figuration mode for the PCI bus system of Figure 2. 

While the invention is susceptible to various modifi- 
cations and alternative forms, specific embodiments 
thereof are shown by way of example in the drawings 
and will herein be described in detail. It should be under- 
stood, however, that the drawings and detailed descrip- 
tion thereto are not intended to limit the invention to the 
particular form disclosed, but on the contrary, the inten- 
tion is to cover all modifications, equivalents and alter- 
natives falling within the spirit and scope of the present 
invention as defined by the appended claims. 

Referring now to Figure 2, a computer system con- 
structed in accordance with the preferred embodiment 
generally comprises a central processing unit 45 con- 
nected to a CPU local bus 40, an on chip peripheral de- 
vice 65, a PCI bus 100, a bus interface unit 50 capable 
of interfacing data, address, and control signals between 
the local bus 40 and the PCI bus 100, and one or more 
peripheral devices 70, 80 connected to the PCI bus 100. 
In the preferred embodiment, the CPU 45, on chip pe- 
ripheral 65 and bus interface unit 50 all are provided as 
part of an integrated processor that is fabricated on a 
single integrated circuit and housed within a common in- 
tegrated circuit package. 

In the preferred embodiment, the CPU core 45 im- 
plements a model 80486 microprocessor instruction set 
and CPU local bus 40 comprises a model 80436-style 
local bus. Thus, in the preferred embodiment, the CPU 
local bus 40 includes a 32-bit set of data lines D[31 :0], a 
32-bit set of address lines A[31:0], and a set of control 
lines (not shown specifically). It should be understood, 
however, that the CPU core 45 could be configured to 
implement other microprocessor-type instruction sets 
without departing from the principles of the present in- 
vention. 

The on-chip peripherals block 65 preferably repre- 
sents a variety of peripheral devices lhat may be imple- 



25 



30 



35 



40 



45 



50 



5 

merited in the integrated processor. For example, com- 
ponents such as a direct memory access controller 
("DMA") or a memory controller unit ("MCU") may be in- 
cluded as an integral part of the integrated processor 
package. As one skilled in the art will understand, various 
peripherals may be provided as part of the integrated 
processor. 

As will be understood by one skilled in the art, the 
bus interface unit ("BIU") 50 provides a standard inter- 
face between the CPU local bus 40 and the PCI bus 100. 
As such, the BIU 50 orchestrates the transfer of data, 
address, and control signals between the CPU local bus 
40 and PCI bus 100. As noted, the CPU local bus 40 
preferably comprises an 80486 style local bus, which as 
is well known to those skilled in the art, includes separate 
address and data lines, while the PCI bus 100 includes 
a plurality of multiplexed address/data lines AD(31:0). 
Thus, as one skilled in the art will understand, the BIU 
50 preferably lunctions to connect the 32 -bit address 
lines A[31:0] of the local bus 40 to the multiplexed ad- 
dress/data lines AD(31 :0) on the PCI bus 100, through 
an appropriate multiplexing unit (not shown). Similarly, 
the bus interface unit 50 directly connects the 32-bit data 
lines D[31:0] of the local bus 65 to the multiplexed ad- 
dress/data lines AD[31:0] of the PCI bus 100. The bus 
interface unit 50 preferably includes conventional circuit- 
ry that controls well known interlacing functions such as 
orchestrating and transferring control, data, and address 
signals between microprocessor 45 and devices coupled 
to PCI bus 100. 

Referring still to the preferred embodiment of the in- 
vention shown in Figure 2, the bus interface unit 50 pref- 
erably includes a clock driver circuit 55 and a status reg- 
ister 57. The clock driver 55 generates a PCI bus clock 
signal which is provided on a CLK line to each of the de- 
vices resident on the PCI bus 100 to drive the PCI pe- 
ripheral devices 70, 80. In addition, clock driver 55 pref- 
erably connects to a high frequency enable line (referred 
to in the preferred embodiment as 66MHzENABLE). 

The 66MHzENABLE line connects to each of the 
PCI devices on a designated PCI connector pin. Prefer- 
ably, the PCI connector pin comprises pin 49, side B, 
which on 33 MHz devices is bused as a ground. In high 
frequency devices (which in the preferred embodiment 
is any device operable above 33 MHz, and is referred to 
as 66 MHz devices), the 66MHzENABLE line is left float- 
ing (i.e., tri-stated). Thus, if all devices are high-frequen- 
cy devices, the 66MHzENABLE line is passively pulled 
high through a pull-up resistor 62. If any devices are low 
speed devices (such as devices operating at 33 MHz or 
less, referred to herein as 33 MHz devices), the 
66MHzENABLE line is pulled low. As a result of this con- 
figuration, the 66MHzENABLE line will be asserted if all 
of the PCI devices comprise 66 MHz compatible devices, 
but will be deasserted if any of the PCI devices compris- 
es a 33 MHz device. 

As one skilled in the art will realize, the 
66MHzENABLE line and the CLK line may be provided 
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as part of the PCI bus 100. These lines have been shown 
separate from the PCI bus 100 in Figure 2 only for the 
sake of clarity. 

The status register 57 preferably comprises a 16-bit 
5 register, although other size registers can be used with- 
out departing from the principles of the present invention. 
In the preferred embodiment, the status register 57 in- 
cludes a dedicated bit (which preferably is bit 6) that in- 
dicates if that particular device is capable of supporting 
io 66 MHz operation. 

Referring still to Figure 2, two PCI peripheral devices 
70, 80 are shown. It should be understood, however, that 
more or less peripheral devices may be used, as desired 
and as permitted by the system specifications. Each of 
is the peripheral devices 70, 80 preferably includes a status 
register 57, constructed and configured similarly to the 
status register of the BIU 50. In addition, each of the pe- 
ripheral devices 70, 80 connects to the PCI bus 100 and 
to the CLK and 66MHzENABLE lines, respectively. 

The operation of the system will now be described 
with reference to Figures 2, 3 and 4. Referring initially to 
Figure 2, each of the devices residing on the PCI bus 
100, including the bus interface unit 50 and the PCI pe- 
ripheral devices 70, 80, connect to the 66MHzENABLE 
line. If a device cannot support 66 MHz operation, the 
66MHzENABLE line is connected internally to a ground. 
Devices which can support 66MHz operation do not drive 
the 66MHZENABLE line. Thus, the 66MHzENABLE line 
will be passively pulled high through pull-up resistor 62 
if all devices support 66MHz operation. 

The clock driver 55 connects to the 66MHzENABLE 
line to check the status of that line. If the 66MHzEN ABLE 
line is asserted (i.e., pulled high), then the clock driver 
55 drives the PCI bus clock signal at a frequency up to 
66 MHz. Conversely, if the 66MHzENABLE line is deas- 
serted (i.e., drive low), the clock driver 55 drives the PCI 
bus clock signal at a frequency up to 33 MHz. Thus, in 
the preferred embodiment, the speed at which the PCI 
bus clock signal is driven by clock driver 55 is dependent 
on the status of the 66MHzENABLE line. 

The preferred embodiment of the present invention 
also provides a technique for detecting incompatibility 
between PCI peripheral devices and the PCI bus, and 
for notifying the operator regarding these conditions so 
that the operator can make modifications to the system 
to maximize system capabilities. Referring nowto Figure 
3, the system (for example, the CPU 45 or BIU 50) in 
step 102 reads the dedicated status bit from each of the 
devices resident on the PCI bus. The dedicated status 
bit preferably comprises bit 6 of the status register 57 
from each PCI device. Next, in step 104, the system de- 
termines if the PCI bus can support 66 MHz operation. 
II so, then the system determines in step 106 whether 
the dedicated status bit has been set for all of the PCI 
devices, indicating that all of the devices resident on the 
PCI bus can support 66 MHz operation. If all of the de- 
vices can operate at 66 MHz, and if the PCI bus can op- 
erate at 66 MHz, then the PCI bus isoperatedat frequen- 
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cies up to 66 MHz (step 108) : which according to the pre- 
ferred embodiment is implemented automatically based 
upon the hardware configuration of Figure 2. 

If the PCI bus is operable at 66 MHz, but the system 
determines in step 106 that at least one of the dedicated 
status bits indicate that a device on the PCI bus cannot 
support 66 MHz operation, then in step 1 10 the operator 
is notified that a 33 MHz device is located on the 66 MHz 
PCI bus. Identification of the particular device may also 
be provided. This notification permits the operator to re- 
move the 33 MHz device from the PCI bus to minimize 
latency and increase bandwidth of the bus. As shown in 
step 116, the PCI bus is operated at 33 MHz, which in 
the preferred embodiment, will be implemented automat- 
ically based upon the hardware configuration of Figure 2. 

If it is determined in step 104 that the PCI bus is in- 
capable of 66 MHz operation, then in step 1 1 2 the system 
determines if any of the dedicated status bits have been 
set to indicate a 66 MHz device. If none of the dedicated 
status bits have been set, then the PCI bus is operated 
at 33 MHz (step 116). If conversely, one or more of the 
dedicated status bits are set, then in step 114 the oper- 
ator is notified that a 66 MHz device is resident on the 
33 MHz bus to permit the operator to use a less expen- 
sive device if desired, and the bus is operated at 33 MHz 
(step 116). 

The preferred embodiment of the present invention 
also implements a technique for automatically modifying 
configuration registers of the PCI devices based upon a 
change in the devices resident on the PCI bus. The pre- 
ferred method of implementing this technique is shown 
in Figure 4, and is performed each time the system is 
initialized. In step 202, the system (for example, the CPU 
45 or BIU 50) reads the dedicated status bit (preferably 
bit 6) from each of the devices resident on the PCI bus. 
In step 204, a check is made to determine if the PCI sys- 
tem is presently configured for 66 MHz operation. If the 
system is configured for 66 MHz operation, then the ded- 
icated status bit of all PCI devices is checked in step 206 
to determine if all of the dedicated status bits are still set. 
If so, no changes are made and the subroutine termi- 
nates. If, however, it is determined that at least one of 
the dedicated status bits is not set, then the system in 
step 208 will reconfigure the system for 33 MHz opera- 
tion. This preferably includes redefining the time periods 
set in the MIN_GNT and MAX_LAT registers. Alterna- 
tively, the system could simply provide a notification to 
the operator that these and other registers need to be 
redefined based upon a change in the PCI bus clock fre- 
quency. 

If in step 204 it is determined that the system has 
not been configured for 66 MHz operation, then in step 
21 0 the system determines whether the dedicated status 
bits now have all been set to indicate that operation at 
66 MHz is now possible. If all of the dedicated status bits 
are not set, then the subroutine terminates. Conversely, 
if all of the dedicated status bits are now set, then in step 
2 1 2 the system reconfigures the PCI devices for 66 MHz 
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operation. This preferably includes redefining the time 
periods set in the MIN_GNTand MAXJ-AT registers. Al- 
ternatively, the system could simply provide a notification 
to the operator that these and other registers need to be 
5 redefined based upon a change in the PCI bus clock fre- 
quency. 

While a preferred embodiment of the invention has 
been shown and described, modifications thereof can be 
made by one skilled in the art without departing from the 

10 spirit of the invention. For example, the preferred embod- 
iment characterizes low clock signal frequency as 33 
MHz, and high clock signal frequency as 66 MHz. It 
should be understood that the principles of the present 
invention are applicable to any peripheral bus system 

15 which is operable generally at a low and a high frequency 
clock, regardless of the particular frequency rates. In ad- 
dition, it is noted that 66MHz devices may be completely 
disconnected from the 66MHzENABLE line. Similarly, 
while 33MHz devices are configured to drive the 

20 66MHzENABLE line low in the preferred embodiment, 
the system could be alternatively configured such that 
33MHz devices drive an enable line (which is normally 
passively pulled low) high. 

25 

Claims 

1 . A computer system, comprising: 

a CPU connected to a local bus; 
oo a peripheral bus; 

a bus interface unit coupled to said local bus 
and to said peripheral bus for orchestrating the 
transfer of data and address signals between said 
local bus and said peripheral bus; 
35 a peripheral bus device coupled to said periph- 

eral bus: 

a clock driver connected to said peripheral bus 
for driving a peripheral bus clock signal with a par- 
ticular frequency, which is provided on a clock signal 
40 line to said bus peripheral bus device; and 

an enable line connected to said peripheral 
bus device and to said bus interface unit; 

wherein said enable line is monitored by said 
clock driver, and the frequency at which said clock 
^5 driver drives said peripheral bus clock signal is 
dependent on the status of said enable line. 

2. A system as in claim 1, wherein said clock driver 
forms part of said bus interface unit. 

50 

3. A system as in claim 1 , wherein said peripheral bus 
device includes internal circuitry to connect said 
enable line to a supply voltage 

55 4. A system as in claim 3, wherein the internal circuitry 
indicates a capability of the peripheral bus device to 
operate at a high peripheral bus clock signal fre- 
quency. 
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5. A system as in claim 4, wherein said high peripheral 
bus clock signal frequency is a frequency greater 
than 33 MHz. 

6. A system as in claim 5 : wherein said high peripheral 
bus clock signal frequency is a frequency of approx- 
imately 66 MHz. 

7. A system as in claim 6, wherein said peripheral bus 
comprises a PCI bus. 

8. A system as in claim 7, wherein said clock driver 
drives said bus clock signal at a frequency up to 66 
MHz. 

9. A system as in claim 3 : further comprising a second 
peripheral bus device, wherein said second periph- 
eral bus device includes internal circuitry to connect 
said enable line to a ground. 

10. A system as in claim 9 : wherein the internal circuitry 
of said second peripheral bus device indicates an 
inability of the second peripheral bus device to oper- 
ate at a high peripheral bus clock signal frequency. 

11. A system as in claim 9, wherein said second periph- 
eral bus device is operable at a relatively low clock 
signal frequency. 

1 2. A system as in claim 1 1 , wherein said low clock sig- 
nal frequency is equal to or less than 33 MHz. 

13. A system as in claim 11 , wherein said clock driver 
drives said peripheral bus clock signal at the rela- 
tively low clock signal frequency. 

14. A computer system, comprising: 

a central processing unit connected to a local 

bus: 

a PCI bus; 

a bus interface unit coupled to said local bus 
and to said PCI bus for orchestrating the transfer of 
data and address signals between said local bus 
and said PCI bus; 

a peripheral PCI bus device coupled to said 
PCI bus; 

a clock driver connected to said PCI bus for 
driving a PCI bus clock signal at one of at least two 
frequencies based upon the capabilities of the PCI 
bus, said bus interface unit and said peripheral PCI 

bus device. 

15. A system as in claim 14, wherein said two frequen- 
cies include a low frequency clock signal and a high 
frequency clock signal, and wherein said clock driver 
only drives said PCI bus clock signal at the high fre- 
quency if said PCI bus : said bus interface unit and 
said peripheral PCI bus device can accommodale 
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the high frequency bus clock signal. 

16. A system as in claim 15, wherein said PCI bus 
includes a high frequency enable line connected to 

5 said clock driver said bus interface unit and to said 
peripheral PCI bus device. 

17. Asystemas in claim 16, wherein said high frequency 
enable line is passively pulled high by said bus inter- 

io face unit if said bus interface unit can accommodate 
the high frequency bus clock signal. 

18. Asystemas in claim 17, wherein said high frequency 
enable line is passively asserted by said peripheral 

is pel bus device if said peripheral PCI bus device can 
accommodate the high frequency bus clock signal. 

19. A system as in claim 18, wherein said clock driver 
drives the high frequency PCI bus clock signal if said 

20 high frequency enable line is asserted. 

20. A system as in claim 1 7, wherein said high frequency 
enable line is deasserted by said peripheral PCI bus 
device if said peripheral PCI bus device cannot 

25 accommodate the high frequency bus clock signal. 

21. A system as in claim 20, wherein said clock driver 
drives a low frequency PCI bus clock signal if said 
high frequency enable line is deasserted. 

30 

22. A system as in claim 1 4 ; wherein said bus interface 
unit and said peripheral PCI bus device each include 
a status register with a dedicated bit to indicate an 
ability to accommodate a high frequency PCI bus 

35 clock signal. 

23. A system as in claim 22, wherein said peripheral PCI 
bus device includes a MIN_GNT register and a 
MAX_LAT register, and wherein the parameters of 

40 these registers are modified in response to a change 
in the PCI bus clock signal frequency. 

24. A system as in claim 23 ; wherein the parameters of 
the MINJ3NT register and the MAX_LAT register 

45 are modified automatically in response to a change 
in the PCI bus clock signal frequency. 

25. A system as in claim 15, wherein the low frequency 
signal is between 0 and 33 MHz, and the high fre- 

50 quency signal is between 33 MHz and 66 MHz. 

26. A method for reconfiguring configuration registers of 
a PCI bus device in response to a change in PCI bus 
clock signal frequency, comprising the steps of: 

55 

(a) determining the PCI bus clock signal fre- 
quency; 
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(b) determining if the PCI bus clock signal fre- 
quency has been changed; 

(c) reconfiguring the configuration registers of 
said PCI bus device in response to a change in s 
the PCI bus clock signal frequency. 

27. A method as in claim 26 : wherein the configuration 
registers include the MIN_GNT and MAX_LAT reg- 
isters. 10 

28. A method as in claim 26, wherein the PCI bus clock 
signal frequency is changed from 66 MHz to 33 MHz 
in response to the addition of a 33 MHz device to th e 
PCI bus. 75 

29. A method as in claim 28. wherein the clock speed of 
a device is determined from a dedicated status bit. 

30. A method as in claim 26, wherein the PCI bus clock 20 
signal frequency is changed from 33 MHz to 66 MHz 

in response to the removal of a 33 MHz device from 
the PCI bus. 

31. A method as in claim 30 : wherein the clock speed of 25 
a device is determined from a dedicated status bit. 

32. A method for notifying an operator that a PCI bus 
device has a different operating speed than a PCI 
bus, comprising the steps of: 30 

(a) determining the operating speed capabilities 
of the PCI bus; 

(b) determining the operating speed capabilities 35 
of each device resident on the PCI bus by 
checking the state of a dedicated status bit 
associated with each device; 

(c) comparing the operating speed capabilities 40 
of the PCI bus with the operating speed capa- 
bilities of each device; 

(d) generating an output signal to an operator if 

the operating speed capabilities of the PCI bus 45 
and of the PCI device are different. 



so 



55 



EP 0 702 308 A1 




EP 0 702 308 A1 



^rr (, 

c*/ PCX -bus 



./ol. 





•3k$ AT UUfo 



i 



( ) 



EP 0 702 308 A1 



A 



33 m% (<*. 



ffEAD STATUS 

3/t t /ret* 
etc* M 



2C2. 





c 



•LiZ 



y% 4 



EP 0 702 308 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 30 5759 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to etaim 



CXASS1F1 CATION OF THE 
APPLICATION (lot.CI.6) 



X 

Y 
A 



Y 
A 



column 6, line 54; 



EP-A-0 453 199 (IBM) 

* column 3, line 44 - 
figures 1-4 * 

EP-A-0 613 074 (AMD) 

* claims 1,2 * 



COMPUTER TECHNOLOGY REVIEW, 

vol. 12, no. 11, September 1993 LOS 

ANGELES US, 

pages 15-17, 

BAILEY 'PCI Local Bus Breaks Data 
Bottleneck to Open Up PC Technology 1 
* page 16, right column, paragraph 3 - 
paragraph 5 * 



The present search report has been drawn up for bIJ claims 



1-21 

22-25 

26-32 



22-25 
26-32 



22-25 



G06F13/42 
G06F1/08 



TECHNICAL FIELDS 
SEARCHED (IntQ.i) 



G06F 



Plat* of tearch 

THE HAGUE 



Date of CM*letlaa of the «arch 

31 October 1995 



Gill, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : nan -written disclosure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D : document cited in the application 
1- : document cited tor other r 



: member of the sai 
document 



e patent family, corresponding 



